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(54) Ingot feeding system

(57) An ingot feeding system for a wire saw device,
a wire saw device including the ingot feeding system and
a method for feeding an ingot during cutting is described.
The ingot feeding system includes a kinematic mecha-
nism structure; at least one actuator for moving at least

one part of the kinematic mechanism structure; a support
table for coupling an ingot to the kinematic mechanism
structure; and at least one sensor for measuring a force
acting on the kinematic mechanism structure.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] Embodiments of the present disclosure relate
to an ingot feeding system for a wire saw device. Existing
wire saws may be retrofitted with the ingot feeding system
according to the present disclosure. The present disclo-
sure particularly relates to multi-wire saws. Wire saws of
the present disclosure are particularly adapted for cutting
or sawing hard materials such as blocks of silicon or
quartz, e.g., for cutting silicon wafers, for a squarer, for
a cropper or the like. Further, embodiments of the present
disclosure relate to a wire saw device including embod-
iments of the ingot feeding system described herein. Ad-
ditionally, embodiments of a method for feeding an ingot
during cutting are disclosed.

BACKGROUND OF THE INVENTION

[0002] Wire saws are used for cutting blocks or bricks,
thin slices, e.g., semiconductor wafers, from a piece of
hard material such as silicon. In such devices, a wire is
fed from a spool and is both guided and tensioned by
wire guide cylinders. The wire that is used for sawing is
generally provided with an abrasive material. As one op-
tion, the abrasive material can be provided as slurry. This
may be done shortly before the wire touches the material
to be cut. Thereby, the abrasive is carried to the cutting
position by the wire for cutting the material. As another
option, the abrasive can be provided on the wire with a
coating, e.g. as with diamond wire. For example, dia-
mond particles can be provided on a metal wire with a
coating, wherein the diamond particles are imbedded in
the coating of the wire. Thereby, the abrasive is firmly
connected with the wire.
[0003] The wire is guided and/or maintained tensioned
by wire guides. These wire guides are generally covered
with a layer of synthetic resin and are scored with grooves
having very precise geometry and size. The wire is wound
around the wire guides and forms a web or wire web.
During the sawing process, the wire is moved with con-
siderable speed. Usually, the piece to be sawed, e.g. an
ingot connected to a support beam or a support holding
is urged towards the web. During sawing, the piece to be
sawed is moved through the wire web, wherein the speed
of this movement determines the cutting speed and/or
the effective cutting area that can be sawed within a given
amount of time.
[0004] Generally, there is a tendency to use thinner
wires in order to reduce the thickness of the cut and,
thereby, to decrease the material wasted. There is also
a desire to use diamond wires. These thinner wires and
diamond wires are generally more susceptible to damage
and, under high strain, the wires may break more easily.
Further, there is a desire to increase the cutting speed
for improving the throughput of wire saws. The maximum
speed for moving the piece through the web and also the

maximum effective cutting area within a given amount of
time is limited by several factors including wire speed,
feeding speed of the material to be sawed, hardness of
the material to be sawed, disturbing influences, desired
precision, and the like. When the speed is increased, the
strain on the wire is generally increased as well. Hence,
the above-mentioned issues of avoiding damage, undue
wear, failure or breakage of the wire are even more critical
at higher sawing speeds.
[0005] It is of utter importance to operate the wire saw
in a manner so as to avoid or reduce varying sawing
quality, varying sawing width, oscillations of the wire, or
even breaking of the wire. In the worst case, if a break
occurs, unwanted consequences may arise. The loose
ends of the wire may move around in the machine in an
uncontrollable manner, which might harm the wire guide
system or other parts of the machine. Further, if the wire
breaks and moves on, it will be torn out of the object to
be sawed.
[0006] For numerous applications, wafers, or slices,
are of a very small thickness relative to the cross-section,
or diameter, of the ingot. The wafers thus have a sub-
stantial flexibility and can flex and curve to come into
contact with adjacent slices. This flexing is undesirable
for precision and flatness of cutting and can give rise to
undulations, striations and undesirable irregularities on
the surface of the sawed slices. These irregularities, even
of several micrometers, are enough to render the slices
unusable for certain applications, such as for many solar
and semiconductor applications. The deformations of the
slices can even lead to micro ruptures and ruptures, es-
pecially near the coupling point where the slices are con-
nected to their support.
[0007] Still, the sawing process is subject to optimiza-
tion in order to keep the costs as small as possible. Apart
from avoiding inappropriate sawing quality due to, for ex-
ample, varying wire properties, or even down times due
to failure or breakage of the wire, the overall feed rate of
the process has to be optimized in order to achieve a
maximum through-put.
[0008] Known wire sawing normally includes settings
with preset values for the feed rate of ingots through the
web, the wire speed, the wire tension entering and exiting
the web, the slurry flow-rate, and the slurry temperature.
Once the cut starts, for instance, the slurry density and
optionally the slurry viscosity or the slurry temperature
are monitored in order to allow the operator to follow up
and if necessary adapt process-related parameters.
However, it turns out that this does not give sufficient
information for optimizing the sawing process and irreg-
ularities during the cutting process cannot sufficiently be
avoided. In particular, it is of interest that the cutting proc-
ess-related parameters remain essentially constant
throughout the whole cutting process in order to ensure
a constant and reproducible cutting result which is es-
sential for the production of high precision wafers. To
improve cutting quality, known wire saws have been con-
figured to detect a position of a wire portion within the
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piece to be sawed during sawing, e.g. by determining a
bow of the wire portion with respect to a reference.
[0009] In view of the above, it is an object of the present
disclosure to provide a wire saw device that overcomes
at least some of the problems in the art. This object is
achieved at least to some extent by an ingot feeding sys-
tem for a wire saw device and a method for feeding an
ingot during cutting according to the independent claims.
Further aspects, advantages, and features of the present
disclosure are apparent from the dependent claims, the
description, and the accompanying drawings.

SUMMARY OF THE DISCLOSURE

[0010] In view of the above, an ingot feeding system
for a wire saw device or simply a wire saw is provided.
The wire saw is adapted for cutting an ingot into wafers.
The ingot feeding system includes a kinematic mecha-
nism structure, at least one actuator for moving at least
one part of the kinematic mechanism structure, a support
table for coupling an ingot to the kinematic mechanism
structure; and at least one sensor for measuring a force
acting on the kinematic mechanism structure.
[0011] According to a further aspect, an existing wire
saw may be retrofitted with the ingot feeding system as
described herein. A method for retrofitting a wire saw is
disclosed including providing a wire saw with the ingot
feeding system as described herein.
[0012] According to another aspect of the present dis-
closure a wire saw device including at least two wire guide
cylinders and an ingot feeding system as described here-
in is provided.
[0013] According to a further aspect of the present dis-
closure a method for feeding an ingot during cutting is
provided, wherein the method includes: feeding an ingot
to a wire saw by use of a kinematic mechanism structure;
monitoring a force acting on the ingot during cutting by
measuring the force in the kinematic mechanism struc-
ture; and controlling at least one cutting process param-
eter based on the monitored force.
[0014] The present disclosure is also directed to an
apparatus for carrying out the disclosed methods and
including apparatus parts for performing each described
method steps. These method steps may be performed
by way of hardware components, a computer pro-
grammed by appropriate software, by any combination
of the two or in any other manner. Furthermore, the in-
vention is also directed to methods by which the de-
scribed apparatus operates. It includes method steps for
carrying out every function of the apparatus.
[0015] Further aspects, advantages, and features of
the present disclosure are apparent from the dependent
claims, the description, and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] So that the manner in which the above recited
features of the present disclosure can be understood in

detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to
embodiments. The accompanying drawings relate to em-
bodiments of the disclosure and are described in the fol-
lowing: Typical embodiments are depicted in the draw-
ings and are detailed in the description which follows. In
the drawings:

Fig. 1 shows schematically an ingot feeding system
according to embodiments described herein;

Fig. 2 shows a schematic side view of a wire saw de-
vice including an ingot feeding system accord-
ing to an embodiment described herein;

Fig. 3 shows a perspective view of an ingot disposed
in a sawing region of a wire saw according to
embodiments described herein;

Fig. 4 shows a perspective view of a wire saw device
including an ingot feeding system according to
a further embodiment described herein;

Fig. 5 shows a side view of a wire saw device including
an ingot feeding system according to a further
embodiment described herein;

Fig. 6 shows a side view of a wire saw device including
an ingot feeding system according to a yet fur-
ther embodiment described herein;

Fig. 7 shows a perspective view of a wire saw device
including an ingot feeding system according to
a further embodiment described herein;

Fig. 8 shows a perspective view of an ingot feeding
system according to an embodiment

Fig. 9 shows an embodiment of a method for feeding
an ingot according to embodiments described
herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] Reference will now be made in detail to the var-
ious embodiments of the disclosure, one or more exam-
ples of which are illustrated in the figures. Within the fol-
lowing description of the drawings, the same reference
numbers refer to same components. Generally, only the
differences with respect to individual embodiments are
described. Each example is provided by way of explana-
tion of the disclosure and is not meant as a limitation of
the disclosure. Further, features illustrated or described
as part of one embodiment can be used on or in conjunc-
tion with other embodiments to yield yet a further embod-
iment. It is intended that the description includes such
modifications and variations.
[0018] In the following description, an "ingot feeding
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system", or simply "feeding system", may be understood
as a system controlling the position of a piece to be
sawed, e.g. an ingot. In particular, this may be done by
a controller of the ingot feeding system.
[0019] Generally, a wire saw device as understood
herein may be a cropper, a squarer, or a wafer cutting
wire saw.
[0020] Generally, in the present disclosure the process
of sawing corresponds to the process of cutting. Hence,
the verb "to saw" with all adequate grammatical conju-
gations is used as having the same meaning as the verb
"to cut" with all adequate grammatical conjugations.
[0021] In the present disclosure the term "kinematic
mechanism structure" is defined as an arrangement of
at least two elements, typically connecting at least two
bodies, wherein the at least two elements are connected
to each other such that at least one of the at least two
elements is movable relative to the other element or el-
ements of the at least two elements of the arrangement,
e.g. by rotation around an articulation and/or translation
along an axis.
[0022] In the present disclosure the term "parallel kin-
ematic mechanism structure" is defined as a "kinematic
mechanism structure" wherein at least one of the typically
at least two bodies is connected to the "parallel kinematic
mechanism structure" at two or more different locations.
Thereby, a movement of one of the elements of the par-
allel kinematic mechanism structure typically translates
into a movement of at least a part of the kinematic mech-
anism structure (e.g. another element of the kinematic
mechanism structure).
[0023] Generally, and not limited to any specific em-
bodiment described herein, the term "cutting plane" in-
cludes the cutting direction. Typically, the orientation of
the cutting plane remains constant throughout the com-
plete cutting process. Typically, the orientation of the cut-
ting plane corresponds to the orientation of the wires of
the wire saw
[0024] In the present disclosure the term "cutting di-
rection" is defined as the direction in which the cut ad-
vances during the cutting process. Typically, the cutting
direction is a vertical direction.
[0025] Further, in the present disclosure the term
"working area" is defined as the area spanned by the
wires of a wire saw, typically a web of wires is also re-
ferred to as a layer of wires. Typically the working area
is the area in which a single piece to be sawed, typically
an ingot, interacts with the wires of a wire saw during
cutting.
[0026] As schematically shown in Fig.1 an ingot feed-
ing system 300 with an ingot 317 for a wire saw device
100 according to embodiments described herein in-
cludes a kinematic mechanism structure 350, at least
one actuator 352 for moving at least one part of the kin-
ematic mechanism structure 350, a support table 312 for
coupling an ingot 317 to the kinematic mechanism struc-
ture 350, and at least one sensor 401 for measuring a
force acting on the kinematic mechanism structure 350.

[0027] According to embodiments, the wire saw device
100 may be a multi-wire saw. A multi-wire saw allows
high productivity and high quality slicing of silicon wafers
for the semiconductor and photovoltaic industries. A mul-
ti-wire saw includes typically a high-strength steel wire
that may be moved uni-directionally (i.e., only in the for-
ward direction) or bidirectionally (i.e., backwards and for-
wards) to perform the cutting action. The wire may be
provided with diamonds on its surface.
[0028] The effect of measuring the force acting on the
kinematic mechanism structure of embodiments de-
scribed herein is that information about the force trans-
mitted to the ingot via the cutting wires during the cutting
process can be obtained. This information may further
be employed for force feedback control of cutting process
parameters during cutting to ensure constant and repro-
ducible cutting results. Therefore, typically a force based
control algorithm enabling a closed loop cutting process
control is used. Thereby, according to embodiments de-
scribed herein, the cutting force during the complete cut-
ting process can be controlled according to a predefined
force profile, such as a function of the position of the ingot
and/or the time progress of the cutting process. For ex-
ample, the cutting force can be controlled such that it
remains essentially constant throughout the whole cut-
ting process. Alternatively, the cutting process may be
controlled such that for example the cutting force increas-
es or decreases as the wires of the wire saw advance
through the ingot. Furthermore, according to embodi-
ments described herein the cutting force can be control-
led as a function of at least one cutting process parameter
such as an ingot feeding speed, a wire speed, a wire
tension, a wire temperature, a coolant supply rate, and
a coolant temperature.
[0029] According to embodiments, the feeding system
further includes a controller for controlling a cutting proc-
ess parameter by use of a force feedback control. Fur-
ther, typically the controller is also used for monitoring
the force acting on the kinematic mechanism structure.
Typically, the sensors for measuring a force acting on
the kinematic mechanism structure of the ingot feeding
system are connected to the controller. The controller
typically processes the signal generated by the sensors
and computes the respective force measurement data.
The controller may thus be capable of performing real-
time online monitoring of a force acting on the kinematic
mechanism structure and thus real-time online monitor-
ing of a force acting on the ingot during the sawing proc-
ess
[0030] Typically, a control algorithm is employed to
control cutting process parameters based on the force
measurement data. Thereby, embodiments of the feed-
ing system are suitable for closed loop force feed-back
control of cutting process parameters such as an ingot
position, an ingot orientation, an ingot feeding speed, a
wire speed, a wire temperature, a wire tension, a coolant
supply rate, and a coolant temperature.
[0031] According to embodiments described herein,
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the ingot feeding system, the wire saw and the method
for feeding an ingot can be operated by means of com-
puter programs, software, computer software products
and the interrelated controllers, which can typically have
a CPU, a memory, a user interface, and input and output
means being in communication with the corresponding
components of the wire saw including the feeding sys-
tem. These components can be one or more of the com-
ponents: actuators, motors or breaks of the feeding sys-
tem; actuators, motors or breaks of the wire guide cylin-
ders; coolant supply, and the like, which will be described
in more detail below.
[0032] According to embodiments, the cutting process
parameter includes a position of the ingot and/ or an ori-
entation of an ingot and/ or an ingot feeding speed and/or
a wire speed and/or a wire temperature and/or a wire
tension and/or a coolant supply and/or a coolant temper-
ature. Typically a control algorithm is employed to control
the cutting process parameters based on the force meas-
urement data.
[0033] According to embodiments, the at least one
sensor is a strain gauge sensor. Beneficial of strain gauge
sensors is that they can be attached to the kinematic
mechanism structure in a simple manner and at basically
any site of interest.
[0034] According to embodiments the at least one ac-
tuator 352 is a motor for controlling the ingot position via
the kinematic mechanism structure 350. Typically, the
actuator is operated by a source of energy in the form of
an electric current, hydraulic fluid pressure or pneumatic
pressure converting the energy into motion. According
to some embodiments, the at least one actuator of the
feeding system can be an electrical motor, a linear motor,
a pneumatic actuator, a hydraulic actuator or a piezoe-
lectric actuator. Typically, the actuators are used to re-
alize a motion of the kinematic mechanism structure, in
particular a motion within the kinematic mechanism struc-
ture (e.g. by a linear motion of at least one element of
the kinematic mechanism structure). Therefore, typically
the rotational motion of a motor is transformed into a lin-
ear motion, for example with a bolt and screw transducer.
In embodiments wherein piezoelectric actuators are
used such a linear transformation is not necessary since
piezoelectric actuators are intrinsically linear.
[0035] Conversion between circular and linear motion
is commonly made via a screw principle or a wheel and
axle principle. Screw actuators operating on the screw
principle include screw jack, ball screw and roller screw
actuators. By rotating an actuator’s nut, a screw shaft
moves along a line. Correspondingly, by moving the
screw shaft, the nut rotates. Actuators operating on the
wheel and axle principle include a hoist, winch, rack and
pinion, chain drive, belt drive, rigid chain and rigid belt.
By rotating a wheel/axle (e.g. drum, gear, pulley or shaft)
a linear member (e.g. cable, rack, chain or belt) moves.
Correspondingly, by moving the linear member, the
wheel/axle rotates.
[0036] Typically, a single ingot 317 is mounted on the

support table 312 by means of a temporary support, such
as the mounting plate 376. This support table 312 can
be moved vertically in the Z-direction by use of the actu-
ator assembly 310, which may include a column 311 and
a motor 315, that is adapted to urge the ingot 317 against
the layer 319 of wires 323 for wafer cutting.
[0037] According to typical embodiments the at least
one sensor 401, 402, 403, 404 employed for measuring
a force acting on the kinematic mechanism structure 350
is a strain gauge sensor. Typically, a strain gauge sensor
is included typically made of an insulating flexible backing
which supports a metallic foil pattern. Typically, the sen-
sors are attached to the kinematic mechanism structure
by a suitable adhesive, such as cyanoacrylate. During
wafer cutting a force acting on the ingot is transmitted
into the kinematic mechanism structure causing strain in
the mechanism within the kinematic mechanism struc-
ture. This strain is typically measured by the sensors
which are arranged on the elements of the kinematic
mechanism structure such that a force introduced into
the elements, typically along the longitudinal axes of the
elements can be measured. As the object is deformed,
the foil is deformed, causing its electrical resistance to
change. This resistance change, typically measured us-
ing a Wheatstone bridge, is related to the strain by the
quantity known as the gauge factor. A strain gauge sen-
sor takes advantage of the physical property of electrical
conductance and its dependence on the conductor’s ge-
ometry. When an electrical conductor is stretched within
the limits of its elasticity such that it does not break or
permanently deform, it will become narrower and longer,
changes that increase its electrical resistance end-to-
end. Conversely, when a conductor is compressed such
that it does not buckle, it will broaden and shorten causing
changes that decrease its electrical resistance end-to-
end. From the measured electrical resistance of the strain
gauge, the amount of applied stress and strain in the
kinematic mechanism structure and thus the force acting
on the ingot during wafer cutting may be inferred.
[0038] According to embodiments described herein,
force sensors used for measuring a force, typically in the
kinematic mechanism structure, are adapted for indus-
trial applications. Typically, the force sensors used in the
embodiments are based on the technical principle as de-
scribed above. According to embodiments, strain gauge
sensors employed are encapsulated and can be fixed to
the site of interest, e.g. to the kinematic mechanism struc-
ture, in particular to the arms of the kinematic mechanism
structure, by bolts, screws or adhesives. Alternatively,
other suitable force sensors which are based on a differ-
ent technology as described above may be used.
[0039] In order to detect and measure the force with a
high sensitivity the sensors are typically arranged at po-
sitions of the kinematic mechanism structure where the
highest deformation resulting from the strain occurs as
a result of the introduced force, for example in a center
portion on the surfaces of the arms. Typically, the sensors
are oriented such that their direction of highest measure-

7 8 



EP 2 777 903 A1

6

5

10

15

20

25

30

35

40

45

50

55

ment sensitivity corresponds to the direction of the force
transmitted into the respective element of the kinematic
mechanism structure, typically the longitudinal direction
of the elements of the kinematic mechanism structure.
[0040] In Fig. 2 a schematic side view of an embodi-
ment of a wire saw device 100 including an ingot feeding
system 300 including a linear kinematic mechanism
structure is illustrated. Typically, the wire saw device in-
cludes a wire guide 321, 322 for transporting and guiding
the wire 324, 325 in a wire moving direction. The wire
323 may be wound on the wire guides, herein referred
to also as guide cylinders. Normally, the guide cylinders
are grooved with a constant pitch, forming a horizontal
net of parallel wires or wire web, herein referred to also
as a layer of wires 319. The wire guides are rotated by
drives that cause the entire wire-web to move at a rela-
tively high speed of, for instance, 5 to 20 m/s.
[0041] If desired, several high flow-rate nozzles may
feed the moving wires with slurry. A slurry as understood
herein refers to a liquid carrier with typically suspended
abrasion particles (e.g., particles of silicon carbide). As
mentioned, during the cutting action, the ingot may be
pushed through the wire web. Alternatively, the ingot may
be stationary while the wire web is pushed through it. A
wire feed spool typically provides the required new wire
and a wire take-up spool typically stores the used wire.
[0042] Generally, embodiments of the wire saw device
as described herein include a frame 305, on which the
wire guides 321, 322 are mounted with their rotational
axes disposed parallel to each other. Further, typically
an actuator assembly 310 is used to urge an ingot 317
against the layer 319 of wires 323.
[0043] As illustrated in Fig. 2, the wire 323 is received
from a supply spool 326 and then wound about the wire
guides 321, 322, e.g. guide cylinders, to form at least one
layer 319 of parallel wires in the sawing region. The wire
323 is then returned to a suitable receiving device, such
as a take-up spool 327. Typically, at least one of the guide
cylinders are coupled to a drive motor that is adapted to
move the wire(s) 323 disposed in the sawing region 318
in a single direction, or, in particular, in a reciprocating
motion. The wire guides 321, 322 may be supported by
one or more bearings, which can be coupled to a wire
tensioning system (not shown) that is adapted to provide
a desired tension to the wire(s) 323 by moving one guide
cylinder relative to the other. Typically, a wire saw control
system may provide control of the wire tension.
[0044] In the embodiment as shown in Fig. 2, only a
single ingot 317 is positioned and sawed at a time within
a wire saw device 100. However, the embodiments of a
single wire saw device described herein may form part
of a wire saw system including a plurality of wire saw
devices. Typically, two, three or four ingots are cut at the
same time in different working areas.
[0045] The wire path, from loop to loop, slices one or
more ingots at a working area, and is transported by the
guide cylinders to further working areas, or the same
working area again. Typically, the wire web slices one or

more ingots at an upper working area, is then transported
to the lower working area, and slices one or more ingots
at the lower working area. Hereafter, the wire is normally
transported back to the upper working area. In the event
that the movement direction is changed during sawing,
instead of being transported to the next working area,
the wire might be transported back to the working area
from which it arrives.
[0046] It should be understood that a wire web may
contain more than one working area which is defined as
an area in which a sawing process is performed. Thus,
according to typical embodiments described herein, a
wire web can have multiple working areas that are formed
by one or several wires. For instance, according to typical
embodiments described herein, the wire saw may include
two horizontally oriented wire webs, for instance, includ-
ing two or four horizontally oriented working areas. In this
case, sawing is performed by pushing an ingot in a typ-
ically vertical direction, through the wire web defining the
working area (see Fig. 3).
[0047] Fig. 3 shows a perspective view of an ingot 317
that is partially sawed due to a movement of the feeding
system 300 urging the ingot 317 against the layer 319 of
wire(s) 323 disposed in the sawing region of the wire saw
device 100. Typically, the pitch between adjacent wires
of the layer 319 of wires 323 is defined by engraved
grooves on the periphery of the wire guide cylinders
which determines the thickness of the sawed slices 331.
The latter are separated from each other by slots or saw-
ing gaps 332. Typically, the wire 323 may include a spring
steel wire with a diameter between 0.1 and 0.2 mm so
as to saw ingots of hard material, or more particularly
compositions, such as silicon, ceramic, compounds of
the elements of groups III-V and II-VI, GGG (gadolinium
gallium garnet), sapphire, etc., in slices of desirably about
300 mm or less, or typically for next generation substrates
180 mm or less in thickness. Typically an abrasive agent
is used, which generally is a commercial product, such
as diamond, silicon carbide, alumina, or other useful ma-
terial that is used to improve the ingot sawing process.
The abrasive agent may be fixed to the wires 323, or be
in a free form that is in suspension in a liquid (e.g., PEG),
such as a slurry, which serves as a transport for the abra-
sive particles.
[0048] It is possible that sawing is undertaken at the
same time at the upper working area and the lower work-
ing area. The wire saw may furthermore include two ver-
tically arranged webs (not shown). According to some
embodiments, the vertically arranged webs are used for
transporting the wire between the horizontally oriented
working areas. During transport between the working ar-
eas the wire can cool down. According to other embod-
iments, the working areas are oriented vertically.
[0049] According to embodiments described herein,
the wire saw is used for cutting hard material such as
semiconductor material, for example, silicon, quartz, or
the like at high speed. The wire speed, that is the speed
of the wire moving through the wire saw can be, for ex-
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ample, 10 m/s or even higher. Typically, the wire speed
can be in a range of 10 to 15 m/s. However, higher wire
speeds, such as of 20 m/s, 25 m/s or 30 m/s can also be
desirable. According to some embodiments, the move-
ment of the wire is only unidirectional, i.e., always in the
forward direction. According to other embodiments, the
movement may include a movement in the backward di-
rection, in particular, the movement can be a back-and-
forth movement of the wire in which the movement direc-
tion of the wire is amended repeatedly.
[0050] For unwinding the wire at the desired wire
speed, the feed spool 326 with unused wire rotates with
a rotation speed of up to several thousands rotations per
minute. For example, 1000 to 2000 rpm can be provided
for unwinding the wire.
[0051] In embodiments, which can be combined with
other embodiments described herein, the wires may have
different diameters depending on the type of device. In
an embodiment pertaining to a squarer, the wire diameter
may be from about 250 mm to about 450 mm, e.g., 300
mm to 350 mm. In an embodiment pertaining to a wafer
cutting wire saw, the wire diameter may be from 80 mm
to 180 mm, more typically from 120 mm to 140 mm.
[0052] According to a further embodiment, which can
be combined with other embodiments described herein,
the wire employed for cutting is a diamond wire. By using
diamond wire, the throughput may be increased by a fac-
tor of 2 or even more in comparison to conventional steel
wire. The speed with which the material to be sawed is
moved relatively to the moving wire may be referred to
as the material feed rate. The material feed rate in the
embodiments described herein may be in the range of 2
mm/s to 20 mm/s, typically about 6 mm/s to 10 mm/s for
a wafer cutting wire saw, respectively from 10 mm/s to
50 mm/s, typically from 28 mm/s to 36 mm/s for embodi-
ments pertaining to a squarer. Alternatively, the material
feed rate in the embodiments described herein may be
above 20 mm/s for a wafer cutting wire saw, respectively
above 50 mm/s for embodiments pertaining to a squarer.
[0053] Normally, after traveling through the entire wire
saw, the wire exits the operation area of the wire saw at
a diameter reduced in comparison to its initial diameter
before the sawing process. The wear in wire is process
dependent. In particular, the higher the cut rate, the high-
er the resulting temperature, the higher the wire wear.
Additionally, the wire is heated inside the ingots where
the abrasion takes place during sawing, that is, typically
inside the wafers. Thus, the wire heats up while cutting
the ingot. Outside the ingot, the wire cools down by ex-
changing heat with its surroundings such as the slurry,
air, and the guide cylinders or further wire guides. Con-
sequently, as the diameter of the cutting wire and thus
its mechanical properties change during the cutting proc-
ess as a function of time and temperature, the cutting
force acting on the ingot by the wire and therefor the
abrasion property of the wire changes during the cutting
process resulting in undesirable inhomogeneous cutting
surfaces of the ingot.

[0054] Therefore, embodiments described herein, with
exemplary reference to Fig.5, provide a wire saw 100
including an ingot feeding system 300 which is capable
of measuring a force acting on the ingot 317 during the
cutting process. In particular, the ingot positioning in-
cludes a kinematic mechanism structure 350, at least
one actuator 352 for moving at least one part of the kin-
ematic mechanism structure, a support table 312 for cou-
pling an ingot to the kinematic mechanism structure; and
at least one sensor 401, 402 for measuring force acting
on the kinematic mechanism structure 350. Hence, in-
formation about the force transmitted to the ingot via the
cutting wires during the cutting process can be obtained
by measuring the force acting on the kinematic mecha-
nism structure.
[0055] According to typical embodiments described
herein, this information may further be employed for force
feedback control of cutting process parameters during
cutting to ensure constant and reproducible cutting re-
sults.
[0056] Therefore, a force based control algorithm en-
abling a closed loop cutting process control may be used.
Thereby, according to embodiments described herein
the cutting force during the complete cutting process can
be controlled according to a selectable force profile as a
function of a position of the ingot and/or time progress of
the cutting process.
[0057] For example, the cutting force can be controlled
such that it remains essentially constant throughout the
whole cutting process. Alternatively, the cutting process
may be controlled such that for example the cutting force
increases or decreases as the wires of the wire saw ad-
vance through the ingot. Furthermore, according to em-
bodiments described herein the cutting force can be con-
trolled as a function of at least one cutting process pa-
rameter such as an ingot position, an ingot orientation,
an ingot feeding speed, a wire speed, a wire temperature,
a wire tension, a coolant supply rate, and a coolant tem-
perature. Further, the measured force acting on the ingot
can also be used as input for a wire saw control system
which is configured to control the wire tension. Typically,
the embodiments of the wire saw can include further sen-
sors for measuring cutting process parameters, e.g. a
temperature sensor for measuring the temperature of the
wire and the like.
[0058] Alternatively, according to embodiments, data
acquired by a bow measurement system can be used for
controlling the cutting force during cutting. Typically, the
bow measurement system is configured to measure and
monitor a bow of a wire portion within the piece to be
sawed. According to embodiments, the bow measure-
ment system is connected to the controller for controlling
a cutting process parameter. Typically, the controller em-
ploys the bow measurement data for controlling the cut-
ting force, which can be controlled as a function of at
least one cutting process parameter such as an ingot
position, an ingot orientation, an ingot feeding speed, a
wire speed, a wire temperature, a wire tension, a coolant
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supply rate, and a coolant temperature.
[0059] Fig. 4 shows a perspective view of a wire saw
device including an ingot feeding system according to
embodiments described herein. As exemplarily shown in
Fig. 4, the feeding system 300 includes a linear kinematic
mechanism structure 350, a motor 315 acting as actuator
for creation of a linear motion via the kinematic mecha-
nism structure 350, and multiple sensors 401, 402. 403,
404, 405 for measuring a force acting on the kinematic
mechanism structure. Typically, the force acting on the
kinematic mechanism structure results from a transmis-
sion of a force acting on an ingot 317 into the kinematic
mechanism structure during cutting. The ingot is coupled
to the kinematic mechanism structure 350 by mounting
the ingot on a support table 312 by means of a temporary
support, such as the mounting plate 376.
[0060] As shown in Fig. 4 the linear kinematic mecha-
nism structure 350 is based on a screw principle. In par-
ticular the motor 315 is arranged such that a screw shaft
of the kinematic mechanism structure can be driven. As
exemplarily shown in Fig. 4 the screw shaft engages with
a corresponding nut which is connected to a further ele-
ment of the kinematic mechanism structure, wherein the
further element is arranged such that it can move in a
linear direction. Typically, as depicted in Fig. 4, the further
element is configured as an elbow element. The elbow
element is connected to the frame of the wire saw such
that a translational movement, typically along the axis of
the cutting direction can be realized, typically a vertical
movement. Typically, the connection between the elbow
element and the frame is realized by using a slide mech-
anism.
[0061] Generally guide rails may be attached to the
frame 305 of the wire saw and corresponding slide ele-
ments (not shown) attached to the further element of the
kinematic mechanism structure, e.g. the elbow element.
They are typically employed for realizing a guided move-
ment of the kinematic mechanism structure along the axis
of the cutting direction. Typically, at least two guide rails
and at least two slide elements, typically four slide ele-
ments, are used. As exemplarily shown in Fig. 4, typically
the guide rails are arranged parallel in cutting direction.
Typically, the screw shaft and the slide elements are pro-
vided with sensors 401, 402, 403, 404, 405 for measuring
a force, in particular the force components of a force,
acting on the kinematic mechanism structure. Typically,
part of the sensors provided on the slide elements are
arranged and configured for measuring a horizontal force
component, exemplarily illustrated by F1 and F2, of the
force acting on the kinematic mechanism structure during
cutting. Correspondingly, typically at least one sensor,
such as the sensor 405 illustrated in Fig. 4, arranged and
configured for measuring a vertical force component of
the force, exemplarily illustrated by F3, acting on the kin-
ematic mechanism structure during cutting. According to
the embodiment as shown in Fig. 4 the sensor for meas-
uring a vertical force is provided on the screw shaft. Al-
though, not specifically shown in Fig.4 the sensors may

be arranged on other positions of the kinematic mecha-
nism structure which are suitable for measuring vertical
and horizontal force components of a force acting on the
kinematic mechanism structure during cutting. For ex-
ample, forces sensors may be provided on the support
table 312 and/ or the mounting plate 376 and/ or the guide
rails.
[0062] Fig. 5 shows a side view of a wire saw device
including an ingot feeding system 300 according to em-
bodiments described herein. The ingot feeding system
300 includes a parallel kinematic mechanism structure
350 having at least one guide rail 341, at least two arms
343 having first ends and second ends, and one or more
actuators 352, such as the two linear motors 342 shown,
which are configured to realize a movement along the at
least one guide rail 341 (indicated by the arrows below
the actuators).
[0063] According to embodiments, as exemplarily
shown in Fig. 5, the kinematic mechanism structure is a
parallel kinematic mechanism structure, including at
least two arms, wherein each arm 343 includes a first
end and a second end.
[0064] The effect of an ingot positioning system, in-
cluding a parallel kinematic mechanism structure accord-
ing to the embodiments described herein, is that it ena-
bles a translational movement of the ingot within a cutting
plane and a rotational movement around a rotational axis
which typically is perpendicular to the cutting plane.
Thereby, flexibility of the cutting process with respect to
starting and/or finishing conditions, such as orientation
of the ingot relative to the wires of the wire saw can be
provided. Further, the cutting length i.e. the contact
length of the wire with the ingot can be controlled. In
particular, the contact length of the wire with the ingot
can be controlled by positioning, e.g. rotating the ingot,
as a function of force acting on the ingot as measured in
the kinematic mechanism structure during cutting.
[0065] According to embodiments, the kinematic
mechanism structure is configured to enable at least a
translational movement of the ingot within a cutting plane.
Typically, the cutting plane includes a cutting direction.
Alternatively, the kinematic mechanism structure is con-
figured to enable a translational movement and/or a ro-
tational movement. Typically the rotational movement is
carried out around a rotational axis which is perpendic-
ular to the cutting plane. Typically, the orientation of the
cutting plane remains constant throughout the complete
cutting process. Typically, the orientation of the cutting
plane corresponds to the orientation of the wires of the
wire saw.
[0066] According to embodiments described herein,
the rotational axis may be located within the ingot. Alter-
natively, the rotational axis may be located outside the
ingot e.g. when a rocking movement of the ingot is per-
formed by the kinematic mechanism structure. According
to embodiments, the location of the rotational axis being
perpendicular to the cutting plane can change during the
cutting process. According to other typical embodiments
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described herein, the kinematic mechanism structure is
configured to enable two rotational movements around
two rotational axis, which are typically perpendicular to
the cutting plane. For instance a first rotational movement
around a first rotational axis located outside the ingot, for
example in case of a rocking movement of the ingot, and
a second rotational movement around a second rotation-
al axis located within the ingot, for example in case of
pivoting or spinning the ingot.
[0067] According to embodiments, the at least two
arms are arranged on opposite sides with respect to the
rotational axis, wherein the first ends of the at least two
arms are connected to the support table via a hinged
joint, as exemplarily shown in Fig. 5. Typically, although
not shown in Fig. 5, according to embodiments described
herein, the kinematic mechanism structure further in-
cludes at least one slide, wherein the second ends of the
at least two arms are typically connected to the at least
one slide via a hinged joint. According to embodiments
described herein, the slide is guided via rails, as exem-
plarily shown in Fig.8.
[0068] Typically, the actuators are configured such that
each can move separately along the at least one guide
rail 341. Typically, as depicted in Fig. 5, the first ends of
the at least two arms 343 are rotatably connected to the
support table 312, e.g. via a hinged joint, whereas the
second ends of the at least two arms 343 are rotatably
connected to the actuators 352, e.g. via a hinged joint.
Hence, by moving the actuators, the arms 343, the sup-
port table 312 and thus the ingot 317 connected to the
support table, e.g. by the mounting plate 376, can be
moved. For example, when both actuators are moving
towards the center the ingot is urged downwards in the
representation of Fig. 5, in particular towards the wires
of the wire saw. In case that both actuators are moving
towards the center with the same speed, a pure transla-
tional movement in cutting direction can be realized. Cor-
respondingly, in the case that one actuator of the two
actuators moves faster or slower compared to the other
actuator, a rotational movement of the ingot can be re-
alized, e.g. a rotation with an angle θ as shown in Fig. 5.
Accordingly, a relative motion of the actuators 353 to
each other and to the rail 341 can be used to move the
ingot 317 in the Z-direction and/or also to provide a tilt of
the ingot 317, e.g. with an angle relative to the layer of
wires 323. The ability to vary the angle θ of the ingot 317,
or tilt to the ingot 317, relative to the wire(s) 323 during
the initial stages of the sawing process can be relevant
to allow the slots 332 (see Fig. 3) to be evenly formed
across the ingot 317. In contrast, urging the full surface
of the ingot against the wires 323 at once can cause the
wires to shift out of wire guiding grooves formed on the
wire guides 321,322 and/or to break.
[0069] Further, by moving at least one of the two ac-
tuators back and forth, a rocking movement of ingot can
be realized. Typically, a rocking movement is a move-
ment which includes a rotational movement, wherein the
axis of rotation typically lies inside or outside the object

being rocked and wherein the axis of rotation may change
during the rocking movement. Typically, a rocking move-
ment is a back and forth movement along a trajectory
[0070] According to typical embodiments, the parallel
kinematic mechanism structure 350, such as shown in
Fig. 5, is capable of positioning an ingot within a plane
including the cutting direction, for example, a positioning
within a vertical plane such as an x-z-plane as depicted
in Fig. 5. Alternatively, the plane including the cutting
direction being oriented parallel to the orientation of the
wires 323. Further, similar to the embodiments of the
feeding system shown in Figs. 2 and 5, the embodiment
of the feeding system of Fig. 5 includes at least two sen-
sors for measuring a force acting on the kinematic mech-
anism structure during cutting wafers.
[0071] Typically, the sensors are provided on the arms
343 of the parallel kinematic mechanism structure. Typ-
ically, some of the sensors, for instance the sensors 401
and 402, are configured and arranged such that a force
transmitted into the arms 343 can be measured. Typical-
ly, as the arms 343 are rotatably connected on their first
and second ends, the direction of the force transmitted
into the arms is substantially only in the direction of the
longitudinal extension of the arms 343.
[0072] Although, not specifically shown in Fig. 5 the
sensors may be arranged on other positions of the kin-
ematic mechanism structure which are suitable for meas-
uring vertical and horizontal force components of a force
acting on the kinematic mechanism structure during wa-
fer cutting. For example, force sensors may be provided
on the support table 312 and/ or the mounting plate 376
and/ or the guide rail 341.
[0073] Fig. 6 shows a side view of a wire saw device
illustrating further embodiments of the ingot feeding sys-
tem 300. Compared to the embodiment as shown in Fig.
5, the embodiment of Fig. 6 differs in that the ingot feeding
system 350 includes two "two-bar linkages" of bars 353
that are coupled to a base plate 313. Further, one or more
actuators 352 are provided, which are configured to move
each of the two-bar linkages separately. Typically, as de-
picted in Fig. 6, the actuators act on an inner articulation
of the two-bar linkages. Typically, each first end of the
two "two-bar linkages" is rotatably connected to the sup-
port table 312, e.g. via a hinged joint, whereas each sec-
ond end of the two "two-bar linkages" is rotatably con-
nected to the base plate 313, e.g. via a hinged joint.
Hence, by creating a movement of the inner articulation
of two-bar linkages by the actuators, the support table
312 and thus the ingot 317 connected to the support ta-
ble, e.g. by the mounting plate 376, can be moved. For
example, when both actuators are creating a movement
of the inner articulation of two-bar linkages towards the
center, the ingot is urged downwards in the representa-
tion of Fig. 6, in particular towards the wires of the wire
saw. In the case that both actuators are creating a move-
ment of the inner articulations of the two two-bar linkages
towards the center with the same speed, a pure transla-
tional movement in cutting direction can be realized. Cor-
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respondingly, in case that one actuator of the two actu-
ators moves faster or slower compared to the other ac-
tuator, a rotational movement of the ingot can be realized,
e.g. a rotation with an angle θ as shown in Fig. 6. Ac-
cordingly, the relative motion of the two-bar linkages due
to the motion applied by each actuator 352 can be used
to move the ingot 317 in the Z-direction and also provide
a tilt to the ingot 317 relative to the layer 319 of wires
323, which can be relevant as exemplarily discussed in
connection with the embodiment shown in Fig. 5.
[0074] Further, similar to other embodiments of the
feeding system described herein, the embodiment of the
feeding system as illustrated in Fig. 6 includes sensors
401, 402, 403, 404 for measuring a force acting on the
kinematic mechanism structure during cutting wafers.
Typically, the sensors are provided on each arm 343 of
the two "two-bar linkages" of the parallel kinematic mech-
anism structure. Typically, the sensors are configured
and arranged such that a force transmitted into the arms
343 can be measured. Although not specifically shown
in Fig.6, the sensors may be arranged at other positions
of the kinematic mechanism structure which are suitable
for measuring vertical and horizontal force components
of a force acting on the kinematic mechanism structure
during wafer cutting. For example, force sensors may be
provided on the support table 312 and/ or the mounting
plate 376 and/ or the base plate 313.
[0075] Fig. 7 shows a perspective view of a wire saw
device 100 including a further embodiment of the ingot
feeding system 300. As exemplarily shown in Fig. 7 the
feeding system 300 includes a parallel kinematic mech-
anism structure 350, at three arms 343 having first ends
and second ends, and two or more actuators 352. As
illustrated in Fig. 7 the first ends of the arms are rotatably
connected to the support table 312, e.g. via a hinged
joint, whereas the second ends of the arms are rotatably
connected to the actuators 352, e.g. via a hinged joint.
According to embodiments not shown, the parallel kine-
matic mechanism structure may include four arms,
wherein two arms are arranged on a left side of the sup-
port table and the other two arms are arranged on the
right side of the support table.
[0076] Typically the actuators are configured to realize
a movement along a translational axis, typically a vertical
axis. Typically, the actuators are guided via guide rails
(not shown) provided on the frame 305 of the wire saw,
wherein the guide rails are typically arranged along an
axis of the cutting direction, particularly in a vertical di-
rection. Further, the actuators are configured such that
each can move separately. Hence, by moving the actu-
ators 352, the arms 343, the support table 312 and thus
the ingot 317 connected to the support table can be
moved, e.g. by the mounting plate 376.
[0077] For example, when all three actuators are mov-
ing in the same direction with the same speed the ingot
is urged downwards in the representation of Fig. 7, in
particular towards the wires of the wire saw, typically
along an axis of the cutting direction. In the case that at

least one of the actuators is moving at a different speed
and/ or in a different direction compared to the other ac-
tuators, a rotational movement of the ingot can be real-
ized, e.g. a rotation similar to that as with the embodi-
ments as shown in Figs. 5 and 6. Accordingly, a relative
motion of the actuators to each other and to the rails can
be used to move the ingot 317 in a cutting plane, for
example in the z-x-plane of Fig. 7, and/or also to provide
a tilt of the ingot 317, e.g. with an angle relative to the
layer of wires 323, which can be relevant as exemplarily
discussed in connection with the embodiment shown in
Fig. 5.
[0078] Furthermore, as shown in Fig. 7, the supporting
table typically includes a prisma-like part, wherein a rec-
tangular surface of the prisma-like part forms a base por-
tion, which typically includes the mounting plate 376 and
a tip portion located opposite to the base portion. Typi-
cally, one of the three arms 343 is rotatably connected
to the tip portion of the prisma-like part, wherein the other
two arms are rotatably connected to the base portion of
the prisma-like part, in particular on opposite sides of the
base portion, as illustrated in Fig. 7. Typically, one of the
two arms rotatably connected to the base portion of the
prisma-like part has an increased lateral extension com-
pared to the other arm rotatably connected to the base
portion on the opposite side. Thereby, a higher stiffness
of the kinematic mechanism structure can be realized.
[0079] Further, similar to other embodiments of the
feeding system described herein, the embodiment of the
feeding system as illustrated in Fig. 7 includes sensors
401, 402, 403, 404 for measuring a force acting on the
kinematic mechanism structure during cutting wafers.
Typically, part of the sensors, such as the sensors 401
and 402 depicted in Fig. 7, can be provided on each arm
343 of the parallel kinematic mechanism structure. Alter-
natively, the sensors 401, 402, 403, 404 are configured
and arranged such that a force transmitted into the arms
343 can be measured, as exemplarily illustrated by F1,
F2 and F3. In an embodiment as shown in Fig. 7, in which
one of the two arms rotatably connected to the base por-
tion of the prisma-like part has an increased lateral ex-
tension compared to the other arm rotatably connected
to the base portion on the opposite side, the arm having
the increased lateral extension typically includes two or
more sensors. Although not specifically shown in Fig. 7,
the sensors may be arranged on other positions of the
kinematic mechanism structure which are suitable for
measuring vertical and horizontal force components of a
force acting on the kinematic mechanism structure during
wafer cutting. For example, force sensors may be pro-
vided on the support table 312 and/ or the mounting plate
376.
[0080] Fig. 8 shows a perspective view of an ingot feed-
ing system according to embodiments. As shown in Fig.
8 the feeding system 300 includes a parallel kinematic
mechanism structure 350, three arms 343 having first
ends and second ends, and two or more actuators 352.
According to the embodiment of Fig. 8, two arms are
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configured as a frame structure and the other arm as an
expanding/contracting arm. Typically, as illustrated in
Fig.8 the first ends of the arms 343 are rotatably con-
nected to the support table 312, e.g. via a hinged joint,
whereas the second ends of the arms 343 are rotatably
connected to a slide, typically via a hinged joint.
[0081] Typically, the slides are provided with actuators
which are configured to realize a movement along a
translational axis, typically a vertical axis. Typically, the
actuators are guided via guide rails 341 provided on the
frame 305 of the wire saw, wherein the guide rails are
typically arranged along an axis of the cutting direction,
particularly in a vertical direction. Further, the actuators
are configured such that each can move separately.
Hence, by moving the actuators 352 the arms 343, the
support table 312 and thus the ingot 317 connected to
the support table, e.g. by the mounting plate 376, can be
moved. For example, when the slide actuators (not
shown) are moving the slides in the same direction with
the same speed, e.g. referring to Fig 8 downwards or
upwards, the ingot can be urged towards the wires or
moved upwards away from the wires of the wire saw,
respectively. In case that at least one of the slide-actua-
tors is moving at a different speed and/ or in a different
direction compared to the other slide-actuator, a rotation-
al movement of the ingot can be realized, e.g. a rotation
similar to that as described with respect to the embodi-
ments shown in Figs. 5 -7. Accordingly, a relative motion
of the slide-actuators to each other and to the rails can
be used to move the ingot 317 in a cutting plane and/or
also to provide a tilt of the ingot 317, e.g. with an angle
relative to the layer of wires 323, which can be relevant
as exemplarily discussed in connection with the embod-
iment shown in Fig. 5.
[0082] Furthermore, according to an embodiment of a
feeding system as illustrated in Fig.8 the expanding/con-
tracting arm includes an actuator capable of expanding
and contracting the expanding/contracting arm. Thereby,
also a rotational movement of the ingot can be realized
by simple expansion or contraction of expanding/con-
tracting arm. Typically, the expanding/contracting arm is
used for tilting or spinning the ingot.
[0083] Further, the embodiment of the feeding system
as illustrated in Fig. 8 includes sensors (not shown) for
measuring a force acting on the kinematic mechanism
structure during cutting an ingot. Typically, the sensors
are provided on each arm of the parallel kinematic mech-
anism structure. Typically, the sensors are configured
and arranged such that a force transmitted into the arms
can be measured. In an embodiment as shown in Fig. 8,
in which two arms having a frame structure are provided,
typically two or more force sensors are arranged on each
frame structure. However, force sensors may be ar-
ranged on other positions of the kinematic mechanism
structure, shown in Fig. 8, which are suitable for meas-
uring vertical and horizontal force components of a force
acting on the kinematic mechanism structure during wa-
fer cutting. Additionally, force sensors may be provided

on the support table 312 and/ or the mounting plate 376.
[0084] Fig. 9 shows an embodiment of a method for
feeding an ingot during cutting. Typically the method for
feeding an ingot during cutting includes: feeding 501 an
ingot to a wire saw by use of a kinematic mechanism
structure; monitoring 502 a force acting on the ingot dur-
ing cutting by measuring the force in the kinematic mech-
anism structure; controlling 503 at least one cutting proc-
ess parameter based on the monitored force. Typically,
a feeding system according to the embodiments de-
scribed herein is used to carry out typical embodiments
of the method for feeding an ingot during cutting. Gen-
erally, feeding an ingot to a wire saw includes urging the
ingot towards the wires of the wire saw.
[0085] According to the embodiments of the method
for feeding an ingot during cutting, in particular wafer cut-
ting, feeding the ingot to the wire saw includes an alter-
nating movement of the ingot, in particular a rocking
movement.
[0086] Furthermore, according to embodiments of the
method for feeding an ingot during cutting, monitoring a
force acting on the ingot includes measuring the force
based on a signal generated by at least one sensor or
by at least one actuator. Typically, the generated signal
is transmitted to a controller for controlling a cutting proc-
ess parameter by use of a force feedback control. Typi-
cally, the transmitted signal is processed by the controller
for computing the respective force measurement data.
Typically real-time online monitoring of a force acting on
the kinematic mechanism structure and thus real-time
online monitoring of a force acting on the ingot during the
sawing process is performed by the controller.
[0087] According to embodiments of the method for
feeding an ingot during cutting, the controlling of at least
one cutting process parameter includes a closed loop
control. Typically, the at least one cutting process param-
eter includes an ingot position and/or an ingot orientation
and/or an ingot feeding speed and/or a wire speed and/or
a wire temperature and/or a wire tension and/or a coolant
supply rate, or a coolant temperature.

Claims

1. An ingot feeding system (300) for a wire saw device
(100), comprising:

a kinematic mechanism structure (350);
at least one actuator (352) for moving at least
one part of the kinematic mechanism structure
(350);
a support table (312) for coupling an ingot (317)
to the kinematic mechanism structure (350); and
at least one sensor (401,402, 403, 404, 405) for
measuring a force acting on the kinematic mech-
anism structure (350).

2. The ingot feeding system (300) according to claim

19 20 



EP 2 777 903 A1

12

5

10

15

20

25

30

35

40

45

50

55

1, wherein the feeding system further comprises a
controller for at least one of controlling a cutting proc-
ess parameter by use of a force feedback control
and monitoring the force acting on the kinematic
mechanism structure (350).

3. The ingot feeding system (300) according to claim
2, wherein the cutting process parameter includes
at least one of a position of the ingot (317), an ingot
feeding speed, a wire speed, a coolant supply and
a coolant temperature.

4. The ingot feeding system (300) according to any of
claims 1 to 3, wherein the at least one sensor
(401,402, 403, 404, 405) is a force sensor, in partic-
ular a strain gauge sensor.

5. The ingot feeding system (300) according to any of
claim 1 to 4, wherein the kinematic mechanism struc-
ture (350) is a parallel kinematic mechanism struc-
ture, comprising at least two arms (343) wherein
each arm includes a first end and a second end.

6. The ingot feeding system (300) according to any of
claims 1 to 5, wherein the kinematic mechanism
structure (350) is configured to enable at least one
of a translational movement of the ingot (317) within
a cutting plane, wherein the cutting plane includes a
cutting direction, and a rotational movement around
a rotational axis (318) which is perpendicular to the
cutting plane.

7. The ingot feeding system (300) according to claim
6, wherein the at least two arms (343) are arranged
on opposite sides with respect to the rotational axis
(318), wherein the first ends of the at least two arms
(343) are connected to the support table (312) via a
hinged joint.

8. The ingot feeding system (300) according to any of
claims 6 to 7, wherein the kinematic mechanism
structure further comprises at least one slide (344),
wherein the second ends of the at least two arms
(343) are preferably connected to the at least one
slide (344) via a hinged joint.

9. The ingot feeding system (300) according to any of
claims 6 to 8, wherein the slide (344) is guided via
rails (341).

10. A wire saw device (100) comprising at least two wire
guide cylinders (312, 322) and an ingot feeding sys-
tem (300) according to any of claims 1 to 9.

11. A method for feeding an ingot, wherein the method
comprises:

a) feeding (501) an ingot to a wire saw by use

of a kinematic mechanism structure;
b) monitoring (502) a force acting on the ingot
during cutting by measuring the force in the kin-
ematic mechanism structure;
c) controlling (503) at least one cutting process
parameter based on the monitored force.

12. The method for feeding an ingot according to claim
11, wherein feeding the ingot to the wire saw includes
an alternating movement of the ingot, in particular a
rocking movement.

13. The method for feeding an ingot according to claim
11 or 12, wherein monitoring a force acting on the
ingot includes measuring the force based on a signal
generated by at least one sensor or by at least one
actuator.

14. The method for feeding an ingot according to any of
claims 11 to 13, wherein the controlling of at least
one cutting process parameter includes a closed
loop control.

15. The method for feeding an ingot according to any of
claims 11 to 14, wherein the at least one cutting proc-
ess parameter includes at least one of positioning of
the ingot relative to a plane perpendicular to a cutting
direction during cutting, controlling an ingot feeding
speed, controlling a wire speed, controlling a coolant
supply and controlling a coolant temperature.
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